Variation of metabolic profiles in Cordyceps pruinosa mycelia cultivated under various media and light conditions was investigated using 1 H nuclear magnetic resonance (NMR) analysis and gas chromatography mass spectrometry (GC-MS) with multivariate statistical analysis. A total of 71 metabolites were identified (5 alcohols, 21 amino acids, 15 organic acids, 4 purines, 3 pyrimidines, 7 sugars, 11 fatty acids, and 5 other metabolites) by NMR and GC-MS analysis. The mycelia grown in nitrogen media and under dark conditions showed the lowest growth and ergosterol levels, essential to a functional fungal cell membrane; these mycelia, however, had the highest levels of putrescine, which is involved in abiotic stress tolerance. In contrast, mycelia cultivated in sabouraud dextrose agar with yeast extract (SDAY) media and under light conditions contained relatively higher levels of fatty acids, including valeric acid, stearic acid, lignoceric acid, myristic acid, oleic acid, palmitoleic acid, hepadecenoic acid, and linoleic acid. These mycelia also had the highest phenolic content and antioxidant activity, and did not exhibit growth retardation due to enhanced asexual development caused by higher levels of linoleic acid. Therefore, we suggested that a light-enriched environment with SDAY media was more optimal than dark condition for cultivation of C. pruinosa mycelia as biopharmaceutical or nutraceutical resources.
Introduction
The anamorph of Cordyceps pruinosa is the fungus Mariannaea pruinosa. C. pruinosa, which belongs to the Ascomycota phylum, is a well known entomogenous fungus that parasitizes the larvae of Lepidopter [1, 2] . Many beneficial genetic and biological characteristics of C. pruinosa mycelia have been identified. Among these are the many secondary metabolic compounds such as polysaccharides, N-6-(2-hydroxyethyl) adenosine, adenosine, and antiultraviolet radiation constituents [3] [4] [5] .
Previous studies have shown that the methanol extract of the fruit body of C. pruinosa is able to curb NF-kB-dependent inflammatory gene expression, and that the mycelium of C. pruinosa improves cellular immune functions [6, 7] . Furthermore, the butanol fraction of C. pruinosa might play an effective role as an anti-proliferative agent for cancer therapy [8] .
However, global metabolite profiling of C. pruinosa has not yet been performed. Metabolic profiling has the potential to help improve our understanding of the variety of physiological properties associated with diverse metabolites of C. pruinosa. However, it is known that metabolite production is affected by environmental factors such as light exposure and culture medium components. Many previous studies have investigated the effects of environmental changes on the production of secondary metabolites in Cordyceps species [9] [10] [11] [12] . In addition, there have been many studies of antioxidants from other Cordyceps species, including C. militaris and C. sinensis [13, 14] . Until recently, metabolic profiles and antioxidative activity in C. pruinosa mycelium had not been investigated.
We hypothesized that the metabolic profile and antioxidative activity of C. pruinosa mycelia could be modulated by controlling cultivation conditions. The main objective of this study was to perform metabolic profiling in mycelia of C. pruinosa cultivated under various culture environments and determine the optimal culture conditions for the production of the mycelia with the highest antioxidant activity.
Materials and Methods

Solvents and chemicals
First grade methanol, hexane, water, D 2 O [99.%, containing 0.05% 3-(trimethylsilyl)-propionic-2,2,3,3-d4 acid sodium salt (TSP) as internal standard for NMR], methoxylamine hydrochloride, pyridine, L-ascorbic acid, 1,1-diphenyl-2-picrylhydrzyl (DPPH), Folin-Ciocalteu's phenol reagent, gallic acid, and sodium carbonate were purchased from Sigma (St. Louis, MO, USA). NaOD were obtained from Cortec (Paris, France). BSTFA [N,Obis (trimethylsilyl) trifluoroacetamide containing 1% TMCS (trimethyl chlorosilane)] were purchased from Alfa Aesar (Ward Hill, MA, USA) and 2-Chloronaphtahalene as internal standard for GC-MS were purchased from Tokyo Chemical Industry Co., Ltd (Tokyo, Japan).
Culture conditions for C. pruinosa mycelia C. pruinosa ascospores discharged from fresh stroma were purchased from Mushtech Co. (Chuncheon, Korea). Culture materials including dextrose, agar, peptone, and yeast extract (Difco, Detroit, MI, USA) were purchased from Sigma (Sigma, St. Louis, MO, USA), and iron was purchased from Junsei Chemical (Junsei Chemical Co., Ltd, Japan). The ascospores were inoculated with SDY medium (cultivation conditions and media components are shown in Table 1 ) and incubated at 25uC. After storage for 2 days, 300 mL of the discharged ascospore were suspended in sterilized water and cultivated in the following media: sabouraud dextrose agar with yeast extract (SDAY) medium without light (S+ D), SDAY medium with light (S+L), nut medium without light (L+ D), nut with SDAY medium without light (SL+D), ironsupplemented SDAY medium without light (SF+D), and nitrogen-supplement medium without light (N+D).
To clearly separate cultivated mycelia from media at the harvest period, we used sterilized cellophane (583 Gel Dryer, Bio-SDAY medium Rad, Hercules, CA, USA) on the individual medium. All cultivation plates were incubated for 3 days at 25uC under either light (3,000 lux) or dark conditions, after which mycelia were collected from the cellophane. The mycelia were then lyophilized (FDU-1200, EYELA, Miyagi, Japan) for 24 h and frozen at 2 80uC until further analysis.
NMR analysis
KH 2 PO 4 (1.232 g) was added to 100 mL of D 2 O for NMR measurements as a buffering agent; 0.05% 3-(trimethylsilyl)-propionic-2,2,3,3-d4 acid sodium salt (TSP) was used as the internal standard for D 2 O. The pH of D 2 O was adjusted to 6.0 with the addition of 520 mL NaOD. The lyophilized powders of the mycelia from individual C. pruinosa samples (30 mg from each culture condition) were then extracted with 1 mL of D 2 O to obtain metabolic profiles of water-soluble metabolites. After sonication for 40 min, the samples were centrifuged at 2,000 rpm for 10 min (1730MR; Gyrogen Ltd., Daejeon, Korea), and then the supernatant was collected from each sample and filtered using a 0.45 mm filter (0.45 mm PTFE syringe filter for D 2 O). Each filtered sample (600 mL) was then transferred to a 5 mm NMR tube for analysis.
1 H-NMR spectra were recorded at a temperature of 300 K on a 600.13-MHz Bruker Avance spectrometer (Bruker Analytische GmbH, Rheinstetten, Germany) using a cryoprobe. To suppress the residual water signal, we applied a zgpr pulse sequence. In total, 128 transients were gathered into 32 K data points with a relaxation delay of 2 s. An acquisition time per scan of 1.70 s and a spectral width of 9615.4 Hz were used. Before Fourier transformation, an exponential line broadening function of 0.30 Hz was applied to the free induction decay. In addition, 2D 1 H- 13 C heteronuclear single quantum correlation (HSQC) experiments were additionally performed to confirm the assignment of metabolites. The HSQC spectra were obtained with a 2.0 s relaxation delay, 32 scans, and 5,896.2 Hz spectral width in F 2 and 30, 864.2 Hz in F 1 .
MestReNova (version 6.0.4; Mestrelab Research SL, Santiago de Compostela, Spain) was used to obtain the NMR spectra, which were automatically encoded in ASCII files using AMIX Table 1 . Composition of growth medium and light conditions for cultivation of C. pruinosa mycelia. 
GC-MS analysis
To obtain separate extractions of non-polar and polar metabolites, both methanol and n-hexane were used as extraction solvents. Each sample (20 mg) cultivated under different conditions was put into a glass eppendorf tube (Axygen, Union City, CA, USA), and then extracted with 1 mL of 70% methanol and 100% n-hexane. Following sonication, the tube containing the extract was centrifuged at 2,000 rpm for 10 min. The supernatant was collected from each sample and filtered through a 0.45 mm filter (Acrodisc Syringe Filters, Pall Corporation, NY, USA). After extracting the samples, 100 mL of each sample solution was transferred into a GC vial to conduct derivatization and GC-MS analysis.
The solutions in GC vials were dried with a nitrogen gas flow for 5 min at 60uC, and then 30 mL of 20,000 mg/mL methoxylamine hydrochloride in pyridine for oximation, 50 mL of BSTFA (N,O-Bis (trimethylsilyl) trifluoroacetamide; Alfa Aesar, Ward Hill, MA, USA) containing 1% TMCS (trimethyl chlorosilane) for trimethylsilylation (TMS) derivatization, and 10 mL of 2-chloronaphthalene (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan; 250 mg/mL in pyridine as an internal standard) were separately Table 3 . Chromatographic data of the identified compounds from the 70% MeOH extract of C. pruinosa mycelia analyzed using GC-MS. added to the dried samples. The derivatized samples were stored at 60uC for 60 min, and then subjected to GC-MS analysis.
To analyze the samples, a 7890A Agilent GC (Agilent Technologies, CA, USA) model equipped with a 5975C MSD detector (Agilent Technologies), autosampler (7683 B series, Agilent Technologies), split/splitless injector, injection module, and Chemstation software were used. Before analyzing the sample, the GC inlet temperature was set to 250uC with an injection volume of 1.0 mL and a split ratio of 1:10, using helium as a carrier gas in constant-flow mode of 1.0 mL/min. The column used for analysis was a fused silica capillary column of 5% phenyl methylpolysiloxane phase (DB-5, Agilent Technologies) with dimensions of 30 m60.25 mm i.d. 60.25 mm film thickness.
Electron impact (EI) ionization mode was used for ionization. The detector voltage was 1400 V. The aux temperature, MS source temperature, and MS quad temperature were set to 280uC, 230uC, and 150uC, respectively. The mass range was 50-700 Da, and data were gathered in full scan mode.
For the polar metabolite analysis, The oven temperature was 80uC and was programmed to increase to 130uC (at 3uC/min) and then to 240uC (at 5uC/min) and then to 320uC (at 10uC/min; hold 3 min). For the non-polar metabolite analysis, The oven temperature was 80uC and was programmed to increase to 260uC (at 5uC/min) and then to 300uC (at 10uC/min; hold 3 min).
The mass spectra of the compounds were accepted when the match quality was more than 70% compared to the NIST-Wiley Mass Spectra Library for identification. It is important to obtain the raw GC-MS data to quantitatively compare metabolic profiles among all samples as described previously [15] . We used the Automated Mass Spectral Deconvolution and Identification System (AMDIS; http://chemdata.nist.gov/mass-spc/amdis/) for mass spectral deconvolution, which distinguishes peaks from noise and overlapping peaks. The setting values were as follows: component width = 12, adjacent peak subtraction = 1, medium resolution, medium sensitivity, and medium shape requirement. After finishing the program, ELU and FIN files were obtained as the output files of deconvolution and peak picking. However, the ELU files needed to be further analyzed with an online peakfiltering algorithm (SpectConnect, http://spectconnect.mit.edu) due to scatter and a tendency of the AMDIS data in multiple datasets to include false positives. The identification was performed using the spectra of each component, which were transferred to the NIST mass spectral search program MS Search 2.0, where they were matched to entries in the NIST MS library. The criterion for peak assignment was adopted when a match quality value was higher than 70%. Normalization to an internal standard peak area was used before multivariate statistical analysis. The relative intensities of assigned metabolites using GC-MS analysis were obtained.
Statistical analysis
The results were evaluated by SIMCA-P software (version 13.0, Umetrics, Umeå, Sweden) for principal component analysis (PCA) Table 4 . Chromatographic data of the identified compounds from the 100% n-hexane extract of C. pruinosa mycelia analyzed using GC-MS. and partial least squares regression (PLSR) was performed using mean-centered and unit variance scaled data. Clear differences in the content of the metabolites were detected by one-way analysis of variance (ANOVA) using IBM SPSS Statistics 19 software (IBM, Somers, NY), followed by the Tukey's significant-difference test. The level of statistical significance was set at p,0.05.
DPPH assay
The latent antioxidant activity of each extract was evaluated based on the scavenging ability of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical, as described in a previous publication [16] . With a test tube, all sample solutions were added to separate wells (0.2 mL per sample), and then 3.8 mL of 100 mM DPPH was added to each tube. The tube was kept at room temperature in the dark for 30 min, and then the solution was transferred to a 96-well plate; the absorbance of the sample was measured at 520 nm. Blank solutions were prepared with 0.2 mL methanol and 3.8 mL DPPH. The antioxidant ability of each sample was calculated using the following formula: (inhibition rate, %) = (blank OD -sample OD)/blank OD 6100. Ascorbic acid was used as the positive control. Table 6 . Antioxidant ability and total phenolic content of the 70% methanol extracts of C. pruinosa mycelium grown in different cultivation conditions.
Sample
Free radical scavenging activity (%) (50,000 mg/L) TPC (GAE mg/g extract) (50,000 mg/L) 
Total phenolic content
The total phenolic content (TPC) in C. pruinosa cultivated under various conditions was measured using a modified version of the Folin-Ciocalteu method with gallic acid as the standard [17] . Each extract (0.2 mL) was mixed with 4.8 mL of distilled water, followed by addition of 0.5 ml of Folin-Ciocalteu's phenol reagent (Sigma). After incubating the mixture for 2 min at room temperature, 1.5 mL of 20% (w/v) sodium carbonate solution was added. The mixture was allowed to react for 2 h at room temperature, and its absorbance was then measured at 765 nm using a microplate spectrophotometer. The results were estimated using a calibration curve of gallic acid in the concentration range of 100-500 ppm; the results are expressed as mg of gallic acid equivalents (GAE) per dried extract.
Results and Discussion
Morphological characteristics of C. pruinosa mycelia
The nutritional and cultural requirements of Cordyceps species have been studied for many years with the aim of cultivating them under artificial conditions, from which nutritionally rich SDAY medium has been determined to be the most optimal medium [18] . C. pruinosa mycelia cultivated in SDAY medium are shown in Figure 1 .
C. pruinosa is deep or light red due to a red pigment present in its cells. We grew the mycelia of C. pruinosa under light and dark conditions, adding lipid, iron, and nitrogen individually to each mycelium under dark conditions. The following 6 culture conditions were used: dextrose agar supplemented with 0.5% SDAY medium without light (S+D), which were usually used as traditional cultivation conditions;, SDAY medium with light (S+L) as a control group; nut medium without light (L+D), which was used to measure lipid metabolism of the mycelium by adding unsaturated fatty acid to the medium; nut with SDAY medium without light (SL+D) to investigate the effect of complemented lipid nutrients on mycelial metabolism; iron-supplemented SDAY medium without light (SF+D) to analyze the effects of iron, known to be important in growth of Cordyceps specie [19] ; and nitrogen medium without light (N+D) because of its role in the biosynthesis of alkaloids, including cordycepin and adenosine (Table 1) .
Growth characteristics such as mycelia density, colony diameter, and pigmentation were similar in samples grown in the S+L and L+D conditions, which were different from the characteristics observed for the S+D and SF+D samples. In particular, mycelia density and colony diameter in the SL+D group were the highest compared to mycelia grown in the other conditions. Mycelia cultivated in the N+D condition grew more slowly than those cultivated under other conditions.
Mycelia grown under all conditions appeared white at the top of the colonies, whereas those at the bottom of the colonies exhibited the following differences. Mycelia cultivated under S+L, L+D, and N+D conditions were red, while those of S+D, SL+D, and SF+D appeared white. Morphological differences were also observed between mycelia cultivated under various conditions, implying that there were likely different metabolic profiles induced by different culture conditions.
Metabolite assignment by NMR and GC-MS analysis
The D 2 O extracts of the C. pruinosa mycelia cultivated under various conditions were analyzed using NMR spectroscopy to characterize global metabolic profiles. A representative 1 H NMR spectrum of the extracts obtained from C. pruinosa mycelia is shown in Figure 2 . The metabolites were identified by comparing the chemical shifts of standard compounds using the NMR Suite software (version 5.1; Chenomx). As shown in Table 2 , thirty-three metabolites were detected.
1 H-13 C HSQC analysis was performed to confirm the assignment, and fourteen compounds, such as isoleucine, leucine, valine, threonine, alanine, lysine, proline, asparagine, choline, glucose, betaine, glycerol, uridine and adenosine were confirmed by 1 H-13 C HSQC (Fig. S1A and  Fig. S1B) .
To maximize the number of metabolites that could be investigated, GC-MS was employed to perform global metabolite profiling. There were 44 identified compounds in the 70% methanol extracts and 14 identified compounds in the 100% nhexane extracts. The detected metabolites could be divided into several classes, including alcohols, amino acids, organic acids, purines, sugars, fatty acids, sterols, and pyrimidines (Table 3 and  Table 4 ). The relative levels of various metabolites in the 70% methanol extracts and 100% n-hexane extracts are presented in Table S1 and Table S2 .
Significantly higher levels of c-aminobutyric acid (GABA) were observed in mycelia from the SF+D group (Table S1 ). It has been reported that, compared to other mushrooms, C. mycelia are good sources of GABA [20] . As a result of C. mycelia grown under usual conditions in prior study, it seems that iron supplementary medium could stimulate and be optimal production of GABA. Compared to the S+D group, significant changes in lipid metabolism were not observed in mycelia grown under L+D and SL+D conditions (Table S2) .
Compounds identified by NMR and GC-MS are presented in Table 5 . The following 19 metabolites were observed from both NMR and GC-MS analysis: isoleucine, valine, threonine, alanine, lysine, proline, succinic acid, citric acid, asparagine, aspartic acid, glucose, glycerol, glycine, glucitol, adenosine, fumaric acid, tyrosine, xanthine, and adenine. 14 metabolites, such as phenylalanine, tryptophan, betaine, choline, and leucine were only observed using NMR. 39 metabolites, including inositol, putrescine, ornithine, c-aminobutyric acid, uric acid, uracil, fatty acids, and ergosterol were only observed in the GC-MS analysis.
PCA based on NMR and GC-MS datasets
To provide comparative interpretations and visualization of metabolic changes under various culture conditions, PCA was applied to the NMR and GC-MS spectral datasets. PCA is a powerful tool to selectively identify the major controlling factors contributing to differences between samples without a priori knowledge of what those factors might be. PCA can allow for the identification of not only how a specific sample differs from other samples, but also what variables contributed to those differences [21] .
The PCA score plot and loading plot of the D 2 O extracts analyzed by NMR are presented in Figure 3A and S2, respectively. In the score plots, PC 1 explained 65.4% of the variation and PC 2 explained 13.7% of the variation. S+D, SF+D, and SL+D were clearly distinct from the other conditions, S+L, N+D, and L+D along PC 1, while SF+D and L+D were separated from the others along PC 2. It was shown that relatively higher levels of glutamine, proline, alanine, arginine, and glucose were contained in S+D, SF+D, and SL+D, while those of isoleucine, superscript numbers in compounds represent analysis methods. 1: NMR analysis of D 2 O extracts, 2: GC-MS analysis of 70% methanol extracts, 3: GC-MS analysis of n-hexane extracts. doi:10.1371/journal.pone.0090823.g004 leucine, tryptophan, tyrosine, adenosine, and phenylalanine were higher in S+L, N+D, and L+D from the loading plot analysis of D 2 O extracts (Fig. S2) .
In Figure 3B and S3, the PCA score plot and loading plot for 70% methanol extracts determined using GC-MS are shown; PC 1 and PC 2 represented 33.7% and 27.0% of the variance across samples, respectively. The trend of the clusters was similar to that observed for the D 2 O extracts (Fig. 3A) . S+D, SL+D, and SF+D were clearly distinguished from S+L, L+D, and N+D along PC 1, while S+L was completely separated from the others. From the loading plot analysis of 70% methanol extracts, relatively higher levels of aspartic acid, mannose, glucose, and c-aminobutyric acid were observed ,in S+D, SF+D, and SL+D, whereas those of myoinositol, putrescine, histidine, cystathionine, and adenine were observed in S+L, L+D, and N+D (Fig. S3) .
The PCA score plot and loading plot for 100% n-hexane extracts analyzed by GC-MS are shown in Figure 3C and S4. PC 1 and PC 2 represented 64.6% and 15.8% of the sample variance, respectively. Unlike Figure 3A and 3B, S+D, SL+D, L+D, and SF+D were closely aggregated, whereas S+L and N+ D were separated from the other samples. The loading plot analysis of 100% n-hexane extracts showed the lignoceric acid, linoleic acid, palmitoleic acid, oleic acid, and heptadecenoic acid were relatively abundant in S+L, and dehydroergosterol, margaric acid, and arachidic acid were relatively higher in N+D (Fig. S4) .
Interestingly, there was a similar clustering tendency observed for both the NMR D 2 O extracts (Fig. 3A) and GC-MS 70% methanol extracts (Fig. 3B ) based on the color of the bottom portions of the collected mycelia. The S+L, N+D, and L+D conditions, which had mycelia that were red in color, clustered in the PCA plots along PC 1, whereas the S+D, SL+D, and SF+D, which were white in color, were also clustered together in the score plots ( Fig. 3A and 3B ).
Antioxidant activity
The free radical scavenging activities (FRSAs) of the 70% methanol extracts of C. pruinosa mycelia grown under various cultivation conditions are summarized in Table 6 . The highest FRSAs were obtained from samples grown under the SL+D condition. The FRSA of the SL+D sample (64.08%) was similar to that of 0.2 mg/mL ascorbic acid (62.65%). The FRSAs from samples of the S+L and N+D conditions were similar to each other. Relatively lower FRSAs were observed in the samples from the S+D, L+D, and SF+D conditions. Cytotoxic effect of the mycelia was investigated by MTT assay and the cell viabilities in all extracts were over 80% in all conditions, indicating that there was no significant cytotoxicity of C. pruinosa mycelia extracts (data not shown).
Polyphenolic compounds are important constituents of mushrooms. Mushrooms contain various polyphenolic compounds that serve as excellent antioxidants due to their ability to scavenge free radicals [22] [23] [24] . The TPCs of C. pruinosa samples cultivated under various conditions are listed in Table 6 . Samples from the S+L condition had the highest TPC, followed by samples from the N+ D, SL+D, L+D, S+D, and SF+D conditions.
There was a strong positive linear relationship (correlation coefficient of 0.8058) between antioxidant activity and TPC for C. pruinosa mycelia extracts. This result suggests that the TPC contributed significantly to the antioxidant ability in C. pruinosa mycelia cultivated under various conditions. Partial least squares regression (PLSR) was performed to evaluate the correlation between FRSAs and metabolites analyzed by NMR and GC-MS. As shown in Figure S5 , the correlation efficient was R 2 = 0.69. However, phenolic compounds known to contribute to antioxidant activity were not fully covered by NMR and GC-MS analysis in this study. Thus, LC-MS analysis will be employed to analyze metabolites including various phenolic compounds having FRSAs in further studies.
Comparison of metabolic profiles
Our results showed that there were distinct differences in morphological, metabolic, and FRSA characteristics between C. pruinosa mycelia grown under different cultivation conditions. Metabolic profiles of S+L, N+D, and SL+D samples showing relatively higher antioxidant activities were further investigated and compared to S+D samples. This comparison is illustrated in Figure 4 . The metabolic pathways were prepared by combining data from 5 metabolites identified using NMR and 47 metabolites identified by the GC-MS analysis.
The highest levels of adenosine, adenine, and carnitine were obtained in the N+D samples, but the mycelial growth was retarded in these samples. Putrescine, which was only detected in the N+D samples, is known to be one of the major polyamines involved in cell division and tolerance against abiotic stress in mushrooms [25] . The existence of putrescine only in the N+D samples may be due to an adaptation to an adverse environment for mycelia formation. Putrescine is synthesized from ornithine by ornithine decarboxylase [26] . We found that ornithine levels were the lowest in the N+D condition. The low ornithine levels in N+D samples might also be correlated with an increase in putrescine synthesis.
In addition, ergosterol is a specific component of the fungal cell membrane and is a precursor of vitamin D 2 [27] . Similar levels of ergosterol were detected in samples grown under the S+L and SL+D conditions, but not under N+D condition. Given that ergosterol in C. pruinosa plays an important role in cell maintenance, the relatively lower ergosterol content in N+D samples indicates that this is an unsuitable condition for cell growth.
Levels of fatty acids, such as valeric acid (C5:0), myristic acid (C14:0), stearic acid (C18:0), lignoceric acid (C24:0), heptadecenoic acid (C17:1), linoleic acid (C18:2), oleic acid (C18:1), and palmitoleic acid (C16:1), were highest in samples grown under the S+L condition. However, sugar levels, including those of glucose, galactose, and mannose were lowest in S+L samples. Moreover, fructose and N-acetylglucosamine were not detected in the S+L condition.
Contrary to our results, it was previously reported that Aspergillus ornatus and Blastocladiella emersonii exposed to light showed growth retardation due to limited uptake of essential nutrients [28, 29] . Aspergillus species are known to develop either asexually in the light or sexually in the dark [30, 31] . Asexual spore development was also shown to be enhanced by linoleic acid [32, 33] . We suggest that enhanced linoleic acid in response to light might stimulate conidia formation in the context of asexual development in C. pruinosa. Thus, growth in samples cultivated under the S+L condition might not be retarded compared to that observed for S+D samples. The mycelia of C. cardinalis, C. bassiana, and C. militaris are commonly cultivated in SDAY agar medium in the dark to produce fruiting bodies [34] [35] [36] . However, our data suggest that the light condition is more optimal than dark condition for antioxidative activity, linoleic acid content, and mycelial growth in cultivation of C. pruinosa mycelia with SDAY medium.
Conclusion
In this study, C. pruinosa mycelia cultivated under various media and light conditions showed differences in growth, metabolic profiles, and FRSAs. Higher levels of FRSAs were achieved in samples cultivated under SL+D, S+L, and N+D conditions. The mycelia grown under the S+L condition contained relatively higher levels of fatty acids, including linoleic acid, which is known for stimulating fungal conidia formation. Therefore, growth retardation was not observed in S+L samples because of enhanced asexual development caused by linoleic acid. Our finding revealed that C. pruinosa mycelia cultivated under the S+L (SDAY media and light condition) condition had higher antioxidative activity, linoleic acid content, and mycelial growth. To the best of our knowledge, this is the first report on effect of light on mycelial growth and metabolic profiling of C. pruinosa. Light was more beneficial condition than dark for antioxidative activity, linoleic acid content, and mycelial growth in cultivation of C. pruinosa mycelia with SDAY medium. This result can be applied to C. pruinosa fruiting body cultivation as a means of producing biopharmaceutical or natural medicinal resources. Author Contributions
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